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We have been concerned with the  development of a p r a c t i c a l  re fe rence  e lec t rode  f o r  
molten f l u o r i d e  compositions of importance i n  nuc lear  technology.(') In t h e  course of 
t h i s  work it becme d e s i r a b l e  t o  obta in  an a d d i t i o n a l  q u a n t i t a t i v e  measure of t h e  rever-  
s i b i l i t y  of t h e  e l e  t ode process N i ( I 1 )  + 2e # N i .  I t  was decided t o  use one of  t h e  ' re laxa t ion  methods J 2 $  s ince  a f a s t  charge- t ransfer  was expected on t h e  b a s i s  of ava i l -  
able  d a t a  on e lec t rode  k i n e t i c s  i n  o ther  molten s a l t  solvents . (3)  

\ method o f  V i e l s t i c h  
ins t runenta t ion .  

! k i n e t i c  parameters i n  molten s a l t s , c 5 )  although t h e  r e s u l t s  obtained i n  t h a t  work have 
been quest ioned recent ly . (6)  
(Hal l  p rocess ,  uses i n  nuclear  technology a s  i n  t h e  molten s a l t  and t h e  ' f l u o r i d e  v o l a t i l i t y  process!8) t h e  p l a t i n g  of r e f r a c t o r y  meta ls (9) )  however, r e l a t i v e 1  
few e l e c t r o d e  processes have been s tudied i n  t h e s e  mel t s  ( f o r  a p a r t i a l  summary see( lOjr ) .  
To our knowledge, the present  work is t h e  f i r s t  attempt t o  apply a r e l a x a t i o n  method t o  

The vol tage-s tep 
and D e l a h a ~ ( ~ )  was se lec ted  pr imar i ly  due t o  t h e  s i m p l i c i t y  of 

This  method has been employed previously f o r  the  determinat ion of 

Molten f l u o r i d e s  a re  of g r e a t  technological  importance 

\ the  s tudy of  a charge t r a n s f e r  process i n  molten f luor ides .  

'\ Experimental 
? 

+2 \ To da te  t h e  k i n e t i c s  of t h e  N i  + 2e e N i  process  have been s t u d i e d  i n  molten 

I 42  mole %) a r e  i n  progress. The melt i s  contained i n  a graphi te  c r u c i b l e  enclosed i n  a 
The experimental arrangement has been d e s c r i b e d . ( l )  

cm.2) sheathed i n  

LiF-BeFZ-ZrF4 (65.629.4-5.0 mole 9.1 a t  497.C. 

dry  box equipped w i t h  a furnace. 
T h e  working e l e c t r o d e  i n  t h i s  work w a s  a n i c k e l  rod ( A  = 7.5 x 
hot-pressed boron n i t r i d e .  The wal l s  of t h e  BN sheath were s u f f i c i e n t l y  t h i c k  (> 1/8"), 

Measurements i n  LiF-NaF-KF (46.5-11.5- 

i SO t h a t  no penet ra t ion  by t h e  m e l t  was observed during t h e  dura t ion  of t h e  experiment. 
( The counter  e l e c t r o d e  was a l a r g e  n i c k e l  s p i r a l .  The Ni(I1)  concent ra t ion  i n  t h e  melt ' was determined by chemical ana lys i s .  

The c i r c u i t  f o r  t h e  vol tage  s t e p  method i s  e s s e n t i a l l y  t h a t  of L a i t i n e n ,  Tischer  and 
TWO mercury r e l a y s  (Clare HG 1002) were used t o  make sure  t h a t  t h e  shor t  c i r c u i t  

I 
' Roe.(5) 
' betveen t h e  e lec t rodes  is  broken before  applying t h e  vol tage  s tep(usua l1y  4 mv.). The 

0 of t h e  mercury re lays .  The s i g n a l  across  t h e  prec is ion  measuring r e s i s t o r  ( 1 ,  5 ,  or 10 
~ 

osc i l loscope  (Tektronix 5356) i s  t r i g g e r e d  by t h e  s igna l  obtained across  t h e  c o i l  of one 

ohms) was fed d i r e c t l y  i n t o  t h e  plug-in a m p l i f i e r  (Type D o r  Type CAI of t h e  osci l loscope.  

Resul ts  and Discussion 

The experimental current-time curve ( t o t a l  c u r r e n t ,  IT) ,and o ther  ca lcu la ted  o r  

m o l e s / l i t e r  a re  shown i n  Fig. 1. We have followed t h e  procedure used by L a i t i n e n ,  
ex t rapola ted  cur ren t  funct ions descr ibed below, f o r  t h e  Ni(I1) concentrat ion of 9 .8  x 

Tischer  and Roe,(5) except t h a t  t h e  charging c u r r e n t ,  IcH, curve was obtained by the 
e x t r a p o l a t i o n  of t h e  i n i t i a l  c u r r e n t  values according t o  t h e  equat ion ,  

' 

V t = - exp (- 7 ) ,  
% d.1. 

I 

h 



-. 
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where RT i s  the  t o t a l  r e s i s t a n c e  i n  t h e  C i r c u i t  and Cd.1, is  t h e  d i f f e r e n t i a l  double 
l a p r  capaci ty .  ' 
w i t h  a r e s i s t o r  was used previously(') i n  molten salts. We have found t h a t  t h e  i n i t i a l  
cur ren t  values when p l o t t e d  a g a i n s t  time on semilog paper r e s u l t  i n  a good l i n e a r  p l o t ;  
% values ,  ca lcu la ted  from t h e  i n t e r c e p t ,  are of expected magnitude. Values of cd I., 
ca lcu la ted  from t h e  s lope  and t h e  est imated geometr ical  a rea  of t h e  working e l e c t r & e .  
ranged from 186 

boron n i t r i d e  sheath as vel1 as  t h e  melt. I t  was found t h a t  t h e  
presence of boron n i t r i d e  d e f i n i t e l y  increases  t h e  double l a y e r  capaci ty .  
experiments with unsheathed t h i n  wfre n i c k e l  e l e c t r o d e s  a r e  i n  progress. 
descr ibed above f o r  t h e  c a l c u l a t i o n  of I 
w i t h  time. Also ahovn i n  Fig. 1 is t h e  E f f e r e n c e  of IT and I a ,  which i s  t h e  current  
due t o  t h e  fa rada ic  process  (ne t  f a r a d a i c  c u r r a n t ) .  The p l o t  of t h e  n e t  fa rada ic  
cur ren t  vs. t1I2 is shown i n  t h e  bottom h a l f  of Fig. 1. Simi lar ly  t o  Lai t fnen et .  e l . ,  
we have ex t rapola ted  t h e  l i n e a r  p o r t i o n  t o  zero tima and then t r a n s f e r r e d  t h e  extrapola  
t i o n  t o  t h e  top graph. The procedure f o r  t h e  s e l e c t i o n  of t h e  "ef fec t ive  zero  time" wa 
t h e  same as used by L a i t i n e n  e t .  d5) 
from t h e  value of c u r r e n t  a t  t h e  "ef fec t ive  zero time" using equat ion (2) i n  reference 
(5). Attempts t o  apply  t h e  c o r r e c t i o n s  suggested by Oldham and Oeteryoung,(6) rasu l ted  
i n  continuously i n c r e a s i n g  va lues  of  t h e  exchange cur ren t  d e n s i t y ,  although our d a t a  
obeyed t h e  criteria (equat ions  (17) and (19) re ference  (6) )  proposed by Oldham and 
OSteryoung(6) f o r  t h e  Rresence of k i n e t i c  information. It i s  f e l t ,  t h e r e f o r e ,  t h a t  tha 
va lues  of  io shown i n  Table  1, represent  t h e  lower limits of io at  reepec t ive  concentra 
t ione .  

This  convent ional  e u a t i o n  f o r  t h e  charging of a capac i tor  i n  s e r i e s  

t o  3 1 4 / u F / ~ m . ~ .  The double layer capac i ty  ihcreased w i t h  time. 
been caused by adsorpt ion of impur i t ies ,  d i f f u s i n g  from t h e  

Additional 
The method 

took i n t o  account t h e  v a r i a t i o n  of Cd.1. 

The exchange cur ren t  d e n s i t y  waa ca lcu la ted  

Table I 

Exchange Current  f o r  NIRPI( I1)  i n  LiF-BeP2-2rF4 
(65.629.4-5.0 mole 'XI at  497.C 

2 
Concentrat ion of  io pmP./cm 
N i ( I I ) ,  m o l e s / l i t e t  

-2  
0.982 x 10 

1.42 x 
1.75 x 1 0 l z  
2.07 x 10 

1.18 x lo-, 
7.30 x 10I2  2 

8.32 x 10 
8.75 x 10I2 

11.5 x 
12.8 x 10 

From t h e  p l o t  of  l o g  io ve. l o g  N i ( I 1 )  (Pig. 21, t h e  t r m 8 f e r  c a f f i c i e n t  a wan 
c a l c u l a t e d  ae 0.23 ( t h e  elope is 1 - a).  The s tandard rate conr tan t  Ito, was found t o  ' 

I bo approximately 5.2 x cm/sec. using t h e  r e l a t i o n r h i p  io = nR°C*;~:II) . 
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Net Farodiac Current versus Square Root of Time. 

Figure 1 
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